Summary. In isolated human fat cells of the greater omentum and the mammary gland, the effect of glucose, fructose, and/or insulin was tested on the re-esterifieation rate of FFA measured by the balance method. It could be shown that in the absence of glucose no re-esterification activity was demonstrable.
The release of free fatty acids (FFA) by adipose tissue is modulated by the activity of two pathways, the hydrolysis of triglycerides to glycerol and FFA (lipolysis) and the re-esterification of FFA so produced. A previous paper dealt with the influence of insulin and glucose on the lipolysis in isolated human fat cells [29] . The purpose of the present work was to study the influence of insulin and glucose on the re-esterification rate of FFA. The re-esterification rate of FFA can be determined by the balance method of Vaughan [39] . This method is based on the simultaneous measurement of the release of glycerol and FFA in the incubation medium plus the adipose tissue and rests on three assumptions: (a) Glycerol is not metabolized, i.e. phosphorylated, to any significant extent, (b) glycerol is formed exclusively by the splitting of triglycerides and does not derive from the alpha-glycerophophate pool, and (c) there is no significant formation of partial glycerides. In spite of the fact that rat adipose tissue glycerokinase activity can actually account for a considerable deficit of glycerol (14=--15%) during a three hour incubation [19, 25, 34=] , it was recently shown, that in human adipose tissue glycerokinase activity phosphorylates only 2--3.5% of the released glycerol [24] . Thanks to these results one can assume that the method of Vaughan can be safely applied to human adipose tissue, while it might now be questionable to apply it to rat adipose tissue. Assumption (b) is supported by the findings of BjSrntorp [3] , who found the incorporation of label from 1-14C-glucose into the released glycerol to be insignificant. Assumption (c) is substantiated by the fact that in our experiments a negative re-esterification rate could not be observed under any condition (see results). This applies at least to isolated human fat cells, but not to homogenates of human adipose tissue [27] .
* Preliminary results of this investigation were presented at the 6th Annual Meeting of the EASD, Warsaw, 1970.
Compared with isotopic methods for the assessment of the esterification of FFA by adipose tissue, i.e. the measurement of the incorporation of labelled glucose or labelled palmitate into triglycerides, the nonisotopic balance method has been proven to be more reliable, because the problem of dilution of labelled substrate by endogenous unlabelled metabolltes can be avoided [26] . Moreover, it has clearly been shown that there exist several pools of FFA within adipose tissue, with different specific activities [38] , which renders the interpretation of the results on the uptake of labelled palmitate even more difficult.
In rat adipose tissue, the stimulating action of glucose on the re-csterification rate of FFA and the additional effect of insulin thereon is well-established. In human adipose tissue, however, reports on the action of glucose and/or insulin on the re-esterification rate of FFA are rare. Glucose seems to possess a slight stimulating action at abnormally high concentrations [5] . Insulin exerts a moderate stimulation of the reesterification of FFA in the absence of glucose and a marked increase in the presence of glucose [5] .
Since the release of FFA from adipose tissue constitutes one of the major pathways of the energy supply to the organism and this release is controlled, besides lipolysis, by the re-esterification rate of FFA, experiments have been undertaken to investigate the influence of insulin and/or glucose and/or fructose on the re-esterification rate of FFA in isolated human fat cells. The possibility of an effect of general anaesthesia on the re-esterification rate of FFA cannot be absolutely excluded. However, it has been demonstrated, that neither type of surgical procedure performed nor agents used for general anaesthesia influenced basal or stimulated lipolysis [22] . Therefore, it can be supposed that also the re-esterification of FFA remains unaltered by general anaesthesia. Moreover, all patients underwent the same type of general anaesthesia, which justifies comparisons made within special groups of these patients.
Materials and Methods

Source of Adipose Tissue
The patients suffered from gastric and duodenal ulcers, gastric cancer, eholelithiasis, and mammary cancer. No patients had endocrine disorders, cancer eachexia, or experienced major stress or major blood loss.
Immediately after the excision, the adipose tissue was placed in Krebs Ringer bicarbonate buffer [35] at room temperature. During transport to the laboratory the buffer solution containing the adipose tissue was kept in a thermos bottle at 37~ Approximately 20 min after removal, the isolation of the fat cells was undertaken.
Preparation of Isolated Fat Cells. Determination of Average Volume and Destruction Index of the Isolated Fat Cells
The isolation of the fat cells from the adipose tissue was performed according to l%odbell [35] with some modifications [29] . The albumin used was Bovine Serum Albumin, Fraction V (Armour Pharmaceutical Company Ltd., Eastbourne, England; batch no. RM 2770 and RN 0970). Collagenase was obtained from Worthington Biochemical Corporation (Freehold, New Jersey, U. S. A. ; batch no. 9 KC and OCB). The experimental procedures for the determination of the average volume and of the destruction index of the isolated fat ceils are described elsewhere [28] . It has been estabhshed previously, that the breakage of the fat ceils during the incubation period is less than 15~o and there is no difference in the breakage of smMt and large fat cells [28] .
Determination of the Re-Esterification Rate of FtfA
The determination of the re-esterification rate of FFA in isolated fat ceils was performed using the balance method of Vaughan [39] , which is based on the formula :
I~e-esterified fatty acids (~moles/g triglyceride/h) ~-released glycerol (~moles/g triglyceride/h) • 3 minus released fatty acids (gmoles/g triglyceride/h).
The formula applies to total FFA, i. e. medimn plus cell FFA, which implies the determination of glycerol and FFA in the cell suspension (medium plus cells). The pipetting of the ceil suspension was performed after a short shaking by hand to provide an equal distrib ation of the fat cells in the buffer medium.
The isolated fat cells were incubated for 1 h in Krebs l~inger bicarbonate buffer containing 4~o albumin (w/v) at pit 7.4 in single uncapped polyethylene vials each containing 2.5 ml of packed cells and 5 ml albumin buffer in an atmosphere of 95~o oxygen and 5% carbon dioxide using a Dubnoff metabolic shaker (100 cycles/rain). Glucose and insulin were added to the fat cell suspension immediately before incubation without any preincubation. Glycerol was determined before and after the incubation period in 2 ml aliquots of the same cell suspension sample (14, as adapted by 29) and expressed as ~moles/g triglyceride/h. The triglyeeride concentration was estimated by the method of Carlson [8] . 1 ml of the fat cell suspension contained on an average 50--80 mg triglyeerides.
The determination of the release of FFA was carried out with an adapted method of Duncombe [10] :. Immediately before and after the incubation period, 1 ml aliqaots of the same cell suspension sample were removed and treated with 5 ml methanol, i0 ml chloroform [13] , and 15 ml 0.2 N sodium dihydrogenphosphate. The following day, 8 ml aliquots of the chloroform phase were shaken with silicagel (silicic acid, 100 mesh, powder, from Mallinekrodt Chemical Works, St. Louis, U.S.A.) for 15 see to remove traces of phospholipids from the extract; silicagel does not adsorb FFA. After a short period at room temperature, the silieagel sedimented and 2 • 3 ml of the chloroform extracts were transferred into glass tubes each containing 2.5 ml of Duneombe's copper reagent. The release of ~'FA was calculated by the estimation of the difference of the Flea concentrations in the cell suspension between the start and the end of the incubation period and was expressed as ~moles/g triglyceride/h. 1 N hydrochloric acid was used to clean the glass tubes [32] , because detergents grossly interfere with the eolour reaction.
Determination of Incorporation of Glucose-U-14C into CO~ and Lipide
To exclude a possible destruction of the insulin receptor system of the fat cells by the isolation procedure, experiments have been undertaken to study the effect of insulin on the incorporation of labelled glucose into CO S and lipids. 1 ml of packed isolated fat cells were incubated together with 2 ml of 4~o albumin bicarbonate buffer containing unlabelled glucose and glucose-U-14C (CFB, The I~adiochemical Centre Amersham) to a final concentration of 0.1 mg/ml and 0.5 ~Ci/ml, respectively. Insulin was added achieving final concentration of 1000 FU/ml. The incubations were performed in duplicate polyethylene vials for 1 h using a metabolic shaker. 14C0~ was estimated by the method of I~odbell [35] , For determination of ~C-lipids 1 ml aliquots of the cell suspension were removed after the equilibration period for CO~ collection and treated with 5 ml methanol, 10 ml chloroform [13] , and 15 ml saline. The following day, 8 ml of the chloroform phase The isolated fat cells of 6 patients undergoing the same type of general anaesthesia and the same types of operations as described before were studied: The basal glucose oxidation (mean value of 6 sets of duplicate determinations-q-SEM) was 48.1-4-13.6 nmoles glueose/g triglyceride/h. This was stimulated by insulin to 64.44-21.2, i.e. 128.64-7.8%. The percent stimulation was significant at the 0.02 level.
414.94-110.9 nmoles glucose/g triglyceride/h were incorporated into lipids. This was increased by insulin to 549. 
Results
The rate of lipolysis and the antilipolytic effect of insulin was published elsewhere [29] . Insulin exerted an antilipolytie effect only on a high (stimulated) lipolysis. On the basis of our data, which we have obtained so far, no clear interrelationship between lipolysis and re-esterification rate of FFA could be shown. It has to be pointed out, however, that the measurement of the re-esterification rate of FFA was carried out only in isolated fat cells with a normal unstimulated lipolysis (average value of all investigated cases 4-SEM: 0.764-0.06 Bmoles glyeerol/g triglyeeride/h ; range : 0.23--1.48). were aspirated and evaporated. The remaining lipids were dissolved in 10 ml scintillation fluid consisting of 0.5% 2,5-diphenyloxazol and 0.03% 1,4-bis-2-(4-methyl-5-phcnyl-oxazolyl)-benzene in toluene and counted in a Packard liquid scintillation counter. Quenching was corrected by the internal standard method. The quantities of glucose converted to CO 2 and lipids were calculated from the initial specific activity of the glucose in the medium and the quantity of radioactivity in the products, l~esults are expressed as nmoles of glucose per g triglyeeride in the cell suspension per hour. Figure 1 demonstrates the action of insulin (Aetrapid| Novo) on the re-esterification rate of FFA in human omental fat cells. It becomes evident, that without glucose in the medium there was no reesterifieation rate at all and that this was not changed in the presence of insulin at concentrations up to 1000 ,aU/ml.
The influence of glucose and insulin on the rcesterification of FFA in isolated fat cells of the greater omentum is shown by Fig. 2 .2 mg/ml (t = 4.38, p < 0.01), 1 mg/ml (t=3.68,/9<0.01), and as little as 0.1 mg/ml glucose (t = 2.64, p < 0.05) stimulated the re- Diabetologia esterification rate significantly. A dose-response relationship for glucose in the range of 0.1--2 mg/ml is suggested by the figure. In no instance (0.1, 1, and 2 mg/ml glucose) could a significant increase of the reesterification rate of FFA by the addition of insulin be observed.
Isolated fat cells of the mammary gland were less sensitive to glucose with regard to their reesterification rate of FFA than those of the greater
Discussion
An important finding from our experiments is that no spontaneous re-esterification of FFA was found in isolated human fat cells incubated in albumin-bicarbonate-buffer medium. This fact can be easily explained by the lack of glucose in the medium. It is well established that the re-esterification of FFA in adipose tissue only happens in the presence of alpha- (Fig. 3) . Only 2 mg/ml glucose stimulated the re-esterification rate significantly (t=3.00, in< 0.05). No effect of insulin was noted.
Like glucose, fructose was found to be a potent stimulator of the re-esterification rate of FFA in isolated omental fat cells (Fig. 4) . A lack of insulin action on the re-esterification rate in the presence of fructose was also noted. The effects of glucose and fructose both at a concentration of 2 mg/ml did not differ significantly (t= 1.43, p> 0.1).
glycerophosphate, which is considered as the dominant fatty acid acccptor. The availability of alphaglycerophosphate as an intermediate product of carbohydrate metabolism [7, 30] depends on the presence of glycogen. Furthermore, it has been found previously, that alpha-glycerophosphate can hardly be formed by phosphorylation of released glycerol because of the very low activity of glycerokinase in human adipose tissue [21, 24] . In view of our results, it can finally be assumed that the tissue stores for alpha-glycerophosphate formation, i.e. glycogen, are non-existent or had been emptied during the isolation procedure of the fat cells.
In summary, the lack of basal re-esterification activity of FFA in isolated human fat cells can be accounted for the absence of the obligatory fatty acid acceptor alpha-glyeerophosphate or its precursors. That insulin alone had no effect on the re-esterifieation rate, is explained by the absence of glucose.
The dose-dependent stimulating action of glucose alone, at physiological concentrations, on the reesterification rate of FFA in isolated human fat cells is well-established by the experiments. The difference in sensitivity to glucose between omental cells and fat cells of the mammary gland is compatible with other results [15, 5] .
Insulin had no stimulating effect on the re-esterifieation rate in the presence of glucose. This can be interpreted, that, at least in isolated human fat cells, glucose enters the cell to form alpha-glycerophosphate without any need for insulin. The lack of effect of insulin on the re-esterification rate of FFA in the presence of glucose might be artefactual, viz. by possible destruction of insulin receptors during fat cell preparation, since an insulin effect on adipose tissue was obtained in vivo using the forearm technique [33] . In order to exclude such a possibility in our experiments, two other well-known insulin effects, the stimulation of incorporation of glucose into CO 2 and lipids were sought. The incorporation of glucose-C into CO 2 and lipids was stimulated by insulin in approximately the same order of magnitude as it was shown by previous studies [15, 9] .
The reports of the effect of insulin on the utilization of glucose by human adipose tissue, with special reference to its incorporation into glyceride-glycerol, are contradictory. Goldriek and eoworkers [15, 16, 17] found a significant stimulating effect of insulin on the incorporation of labelled glucose into glycerideglycerol. This was confirmed by some other authors [23, 11, 2, 31] , though in most cases unphysiologically high concentrations were employed, such as 10--100 mU of insulin per ml incubation medium. On the contrary, other authors found that insulin exerts only a slight effect on glyceride-glyeerol formation from glucose [18, 12] . Similarly, BjSrntorp and Karlsson [4] described the insulin response of the incorporation of radioactivity from glucose into triglycerides in isolated human fat cells as small and varying, confirming earlier findings [1, 6] . Likewise, no statistically significant insulin effect on lipogenesis from glucose could be demonstrated in human adipose tissue obtained by needle aspiration [20, 36] . In human subcutaneous adipose tissue, insulin was reported to exert a stimulatory effect only on glycogen synthesis, but not on lipogenesi s from glucose [9] .
The lack of an effect of insulin on the rc-esterification rate of FFA in our experiments cannot be interpreted as a complete absence of insulin action on glucose uptake by the human fat cell, because it could be shown that the incorporation of glueose-C into C02 and lipids in the isolated fat cell preparation was stimulated by insulin.
Fructose was also found to stimulate the reestcrifieation of FFA of the same order of magnitude as glucose. From this, it becomes evident, that human adipose tissue cells are also capable of mamffaeturing alpha-glycerophosphate from fructose.
